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The immune cell signaling community met in September at the Certosa di Pontignano, a medieval abbey
in Tuscany. Its graceful structure and quiet surroundings provided a perfect setting for an informal, cooper-
ative discussion of an impressive body of new largely unpublished data. Here, we summarize the principal
findings.Introduction
The EMBO-sponsored conference, ‘‘Sig-
naling in the immune system,’’ has been
held biannually since 1997 and has
always brought together an internationally
recognized group of established scien-
tists and a cadre of young investigators.
Work within a number of areas was pre-
sented this year.
Antigen Receptor Signaling and
Biological Output: Still a Long
Way to Go?
It has been clear, since the discovery of
positive and negative selection, that the
signal triggered by the antigen receptor
is the key determinant in lymphocyte
commitment to enter a specific program
that may lead to very different biological
outputs. In the past few years, much has
been learned, particularly regarding the
T cell receptor (TCR), about the specific
features of both the peptide ligand and
the TCR that are responsible for initiating
the cascade of events that will lead to a
specific fate. Ed Palmer (Basel, Switzer-
land) has examined the consequence of
TCR affinity for thymocyte selection and
T cell activation. He presented a quantita-
tive analysis of affinity and ‘‘dwell time’’
requirements and found that CD4+ T cell
activation requires a minimal TCR affinity
that is between one and two orders of
magnitude lower than that required by
CD8+ T cells. He speculated that this may
be due to differential signaling capacity of
the CD4 and CD8 coreceptors.
An additional factor that contributes to
how the TCR ‘‘sees’’ stimuli for both selec-
tion and mature T cell activation relates
to TCR segregation to specific mem-
brane subdomains. This concept, which
initially emerged with the discovery of the692 Immunity 31, November 20, 2009 ª200central supramolecular activation cluster
(cSMAC) in the immunological synapse
(IS) and extended with the subsequent
identification of TCR microclusters as
key signaling structures, has now been
brought one step further. Balbino Alarco´n
(Madrid, Spain) presented new data based
on his finding that the TCR forms linear
oligomers (or nanoclusters), of which the
larger provide T cells with the capacity to
respond to low doses of antigen by hori-
zontal transmission of triggering events
from engaged to nonengaged TCRs within
the same nanocluster. This model is sup-
ported by the dominant-negative effect
of a conformationally frozen CD33 mutant
(Martinez-Martin et al., 2009). Alarco´n also
showed that effector and memory T cells
have more and larger nanoclusters than
naive T cells, which may account for their
higher sensitivity to antigen.
Mark Davis (Stanford, USA) discussed
the organization and dynamics of the TCR
and the key adaptor of the TCR-mediated
signaling pathway LAT in the plasma
membrane by using new high-resolution
imaging techniques. He showed in quies-
cent cells that both the TCR and LAT
occur as clusters in separate membrane
domains, designated ‘‘protein islands,’’
which concatenate upon activation. These
concatemers are identical to the signaling
microclusters previously described as
essential for T cell activation. The fact that
LAT is associated with lipid rafts and that
these undergo coalescence during T cell
activation suggests that the local lipid
environment might be relevant for the
maintenance and dynamics of the protein
islands.
Gary Koretzky (Philadelphia, USA)
described a series of studies using mice
in which the adaptor protein SLP-76 was9 Elsevier Inc.inducibly deleted in the mature T cell
compartment to demonstrate a require-
ment for SLP-76 in ‘‘outside-in’’ signaling
from integrins in addition to its previously
documented role in ‘‘inside-out’’ signal-
ing to these surface adhesion receptors
(Baker et al., 2009). Complementing
studies of Steven Bunnell (Boston, USA),
Koretzky’s findings showed that integrin
signaling in T cells also requires the forma-
tion of SLP-76-nucleated microclusters.
In contrast to immunoreceptor signaling,
the molecular components of the integ-
rin-meditated clusters do not include
LAT. Instead, it appears that it is the SLP-
76-ADAP (adhesion-and-degranulation-
promoting adaptor protein) relationship
that is most critical for integrin function.
These studies underscore the notion that
signaling clusters nucleated by key signal-
ing molecules may differ depending on
the receptor system engaged.
Innovative imaging techniques also re-
vealed receptor nanoclusters, or protein
islands, in B cells. Facundo Batista (Lon-
don, UK) analyzed the distribution of the
B cell receptor (BCR) in the resting
membrane by using dual-color acquisi-
tion total internal reflection fluorescence
microscopy (TIRF) to simultaneously track
single particles of the BCR alongside
components of the cytoskeleton in naive
B cells. He observed that ezrin and actin
cooperate to establish a network that
underlies the cell membrane and that is
responsible for controlling the distribution
of the BCR. BCR diffusion is restricted in
regions of high network density, and this
restriction is dependent on the Iga and Igb
sheath component of the BCR. Disruption
of the cytoskeleton network stimulates
spontaneous intracellular signaling medi-
ated by downstream effectors of the
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a mechanism for controlling BCR trig-
gering and may also contribute to tonic
signaling. Roberta Pelanda (Denver, USA)
showed that tonic BCR signaling medi-
ates immature B cell differentiation via
activation of Erk, potentially through a
pathway requiring the G protein Ras, sug-
gesting that this pathway may be com-
partmentalized to the BCR clusters in
resting B cells.
The study of the signaling cascades in
naive and effector cells provides insight
into the machinery that translates the
signals emanated from antigen receptors
into a biological output. Although >60%
of newly produced B cells are autoreac-
tive, most of these potentially offensive
cells are silenced by anergy. John Camb-
ier (Denver, USA) proposed a new mecha-
nism to explain this phenomenon,
providing evidence that the maintenance
of anergy requires constant signaling
through the BCR. Such chronic signals
mediate their effects via activation of
inhibitory feedback signaling circuitry
involving biased monophosphorylation of
immunoreceptor tyrosine-based activa-
tion motif (ITAM) tyrosines (dual phos-
phorylation being required for cell activa-
tion), which leads to stimulation of the
inhibitory circuit mediated by the adaptor
Dok-1 and the lipid phosphatase SHIP-1.
Consistent with the physio-
logic importance of this mech-
anism, mice with SHIP-1–/– B
cells have a lupus-like disease
phenotype.
Survival signaling by the
BCR was addressed by
Lakshmi Srinivasan (Boston,
USA) and Tomo Kurosaki (Ka-
nagawa, Japan). Srinivasan
developed a genetic approach
in which ablation of the BCR is
combined with the activation
of specific signaling cascades
in naive mature B cells in vivo.
She showed that the key
BCR-mediated survival signal
involves modulation of a single
signaling pathway, namely PI3
kinase (PI3K), with the FOXO1
transcription factor playing a
central role (Srinivasan et al.,
2009). Kurosaki showed that
phospholipase Cg2 is the key
mediator of a prosurvival signal
triggered by the BCR, control-
ling the efficient generation and mainte-
nance of memory B cells (Hikida et al.,
2009).
The Many Faces of the
Immunological Synapse
In the last 10 years, the concept of the IS
has been steadily evolving and gaining in
complexity and versatility. It is now clear
that the IS is not a static signaling platform
but is a highly dynamic structure, assem-
bled through the centripetal movement of
signaling microclusters, which is instru-
mental for optimizing signals triggered
by ligands with different affinity, enhanc-
ing signaling by low-affinity ligands while
dampening signals by high-affinity
ligands. The role of the IS in optimizing
signaling has more recently been recog-
nized in effector T cells (both helper and
cytotoxic), in which it ensures polarization
of the secretory machinery and targeted
delivery of its cytokine and/or granule
content to the target cell. Moreover, the
existence of an IS with remarkably similar
features has been demonstrated in B cells,
when these cells encounter membrane-
bound antigen.
Mike Dustin (New York, USA) presented
new findings on the function of compart-
mentalization in the IS. His group used
siRNA in primary T cells to demonstrate
a critical role of TSG101, a component
of the endosomal sorting complex
required for transport (ESCRT), in cSMAC
formation, TCR sorting from CD28, and
TCR downregulation. TCR downregula-
tion was also discussed by Andres Al-
cover (Paris, France), who reported that
ezrin, a protein that links the plasma
membrane with the cortical actin cyto-
skeleton, is crucial for stabilizing the
microtubule architecture of the IS, which
in turn drives the centripetal dynamics of
signaling microclusters and TCR signal
extinction.
The importance of compartmentaliza-
tion of the signaling machinery at the
IS was illustrated further by Dustin, who
showed that protein kinase C (PKC)q,
which in naive T cells is selectively re-
cruited to the IS, also participates in the
regulatory T (Treg) cell IS, where it is asso-
ciated with a negative feedback loop for
Treg cell function. Blocking this loop
with a PKCq inhibitor improved Treg cell
function and contributed to prevention of
colitis in a mouse model in which Treg
cells otherwise offer suboptimal protec-
tion. A function for PKCz was highlighted
by Andrew Chan (South San Francisco,
USA) and colleagues in their studies on
TCR polarization at the IS. They demon-
strated an important role for maintenance
of TCR polarization after the first 6 hr of
TCR stimulation. In both a subset of
CD4+ T cells and in all CD8+
T cells, TCR polarization is
coordinated and maintained
through upregulation of the
Crtammolecule,which recruits
the Scrib-Cdc42-PKCz signal-
ing complex. This sustained
TCR polarization appears to
be important for selective
cytokine transcriptional acti-
vation, cellular proliferation,
and in vivo adaptive immunity.
A role for PKCz was also dis-
cussed by Salvatore Valitutti
(Toulouse, France), who
showed that a functional
PKCz is required at the secre-
tory IS of helper T cells for
polarization of their secretory
machinery toward the antigen-
presenting cell and that mislo-
cation of PKCz signaling
outside the IS prevents this
process.
An unexpected role for in-
traflagellar transport (IFT), a
Figure 1. The Gardens of the Certosa di Pontignano and a View of
the Surrounding Landscape
Photographs reproduced with permission of Ron N. Germain.Immunity 31, November 20, 2009 ª2009 Elsevier Inc. 693
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cles and molecular motors that ensures
the assembly of cilia and flagella, was pre-
sented by Cosima Tatiana Baldari (Siena,
Italy). At variance with most mammalian
cells, which have a primary cilium acting
as a signaling device, T cells lack primary
cilia. She showed that T cells express IFT
components. IFT20 was found to colocal-
ize with the microtubule-organizing center
(MTOC) and with Golgi and post-Golgi
compartments and to translocate to the
IS in antigen-specific conjugates. IFT20
knockdown resulted in impaired TCR
clustering and signaling at the IS due to
defective polarized recycling. Moreover,
IFT20 was required for the inducible
assembly of a complex with other IFT
components and the TCR. The results
identify a role for IFT as a regulator of IS
assembly and T cell activation (Finetti
et al., 2009).
Imaging the 4D Dynamics of the
Immune Response In Vivo
A powerful application of new imaging
technologies is the possibility to observe
the dynamics and topography of the
immune response in the lymphoid organs.
Striking examples were presented at the
conference. Ron Germain (Bethesda,
USA) highlighted his laboratory’s applica-
tion of intravital two-photon imaging to
understanding intralymphoid and periph-
eral tissue dynamics of immune cells. He
presented data showing that effector
CD4+ T cells change their migration
behavior in skin and liver upon antigen
recognition. Germain showed further that
effector T cells lose the capacity for sus-
tained antigen response after local activa-
tion upon inflamed tissue entry and that
only a small fraction of effector cells in
a mycobacterial granuloma respond to
antigen at any given time with low-level,
polarized cytokine secretion. These find-
ings begin to define how effector T cell
activity is controlled in sites of infection
and suggest that transient, spatially local-
ized, antigen availability limited function
may characterize such responses.
Facundo Batista and colleagues used
multiphoton microscopy to visualize
iNKT cells in vivo. He showed that iNKT
cells exhibit similar dynamic characteris-
tics as ab T cells in resting lymph nodes.
After administration of lipid antigen, iNKT
cells become confined in close proximity
to the macrophage-rich subcapsular sinus694 Immunity 31, November 20, 2009 ª200region in a CD1d-dependent manner.
CD169+ macrophages were found to be
capable of retaining, internalizing, and
presenting lipid antigen to iNKT cells,
complementing previous observations
concerning the role of subcapsular sinus
macrophages in presenting intact antigen
to follicular B cells.
Philippe Bousso (Paris, France) under-
lined the potential of translating the
imaging technologies to the pathological
setting. He presented data showing that
expression of Rae1 (a ligand for the acti-
vating receptor NKG2D) on tumor cells
profoundly influences the migratory
behavior of intratumoral NK cells. He also
used two-photon microscopy to show
that NK cells and cytotoxic T lymphocytes
can display very different motility when in-
teracting with their respective target cells
in vivo (Beuneu et al., 2009).
The clear message from the in vivo
imaging studies presented is that we are at
a turning point in our capacity to address
the complexity of the immune response
as a whole. We have only reached the fron-
tier of this exploration, and as in signaling
studies, the analysis of genetically manip-
ulated mice using these sophisticated
imaging technologies may enable the tran-
sition from observation to understanding
of the underlying mechanisms.
Future Directions
Data presented in the talks and posters
and through discussions during the meet-
ing suggest that the lymphocyte signaling
field continues to develop through new
insights and the utilization of novel tech-
nologic approaches. The potential of
bringing together teams of scientists to
rigorously test computational models at
the bench was highlighted by Arup Chak-
raborty (Cambridge, USA). He described
his collaborative work examining the
mechanisms of Ras activation in T cells.
Such mechanisms provide the molecular
basis for digital versus analog signaling,
depending on what components are
used (Das et al., 2009). Chakraborty
pointed out the implications of these find-
ings for signal integration during T cell
activation in vivo, thereby complementing
the findings reported by Palmer that
describe the sharp threshold separating
ligands that mediate positive and negative
selection in the thymus. Another applica-
tion of computational biology, which may
result in a new strategy to manipulate the9 Elsevier Inc.balance between tolerance and auto-
immunity, was illustrated by Gre´goire
Altan-Bonnet (New York, USA). After
demonstrating by single-cell resolution
the heterogeneity, based on IL-2Ra and
IL-2Rb levels, in the response to IL-2 in
Treg and Teff cells, he showed how quan-
titative modeling of the well-established
competition for IL-2 revealed a new func-
tion for Treg cells, which was subse-
quently validated with in vitro and in vivo
experiments. He found that Treg cells
use dynamic depletion of IL-2 to specifi-
cally inhibit the proliferation of weakly
activated cells, although this depletion
fails to affect strongly activated cells.
Another important area of rapid devel-
opment that new high-throughput tech-
nologies is making possible is the global
analysis of the transcriptional programs
controlling lymphocyte development and
differentiation. This notion was exempli-
fied in the keynote lecture by Diane Mathis
(Boston, USA) with her studies on Aire,
a regulator of immunological tolerance.
Aire controls the expression of peripheral
tissue antigens in thymic stromal cells,
and its molecular mechanisms are largely
undefined. By screening via Aire-targeted
coimmunoprecipitation, followed by mass
spectrometry and validation with multiple
RNAi-mediated knockdown approaches,
her group identified a set of proteins that
associate with Aire and that fall into four
classes, involved in nuclear transport,
chromatin binding and structure, tran-
scription, and pre-mRNA processing.
One set of Aire interactions promotes
DNA double-stranded breaks, which can
attract histone H2AX and the DNA repair
machinery, thereby mobilizing chromatin-
remodeling factors and seeding the
formation of transcriptional elongation-
enhancing complexes. Another set of
interactions drives effective pre-mRNA
processing to promote the accumulation
of mature transcripts. These observa-
tions, together with the recent demonstra-
tion that Aire binds to unmethylated
histone H3 tails, suggest a model to
explain the effects of Aire on widespread
targeting and induction of weakly tran-
scribed chromatin regions.
Doreen Cantrell (Dundee, UK) used a
global approach to analyze the trans-
criptional pattern in effector cytotoxic
T cells. She showed that loss of protein
kinase B (PKB) signaling downregulates
expression of effector molecules, such
Immunity
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causing re-expression of genes encoding
key cytokine receptors required for
memory T cells. She thus identified PKB
as a major determinant of effector and/
or memory T cell fate with high amounts
of PKB activity required to maintain
effector T cell function. These experi-
ments also highlighted that a key function
for the phosphoinositide-dependent pro-
tein kinase (PDK-1) and PKB was to
orchestrate the tissue-homing properties
of peripheral T cells by controlling the
repertoire of chemokine and adhesion
receptors expressed on these cells (Finlay
et al., 2009).
Understanding the biology of metabo-
lism has emerged as a crucial factor, not
only in the basic functions of the cell but
also in regulation of developmental deci-
sions. This notion was exemplified by
Brian Iritani (Seattle, USA), who provided
evidence of a metabolic checkpoint during
B cell development. He showed that dele-
tion in the Fnip1 gene, which encodes a
protein interacting with folliculin and the
metabolic regulator AMP kinase (AMPK),
results in a block in B cell development
at the large pre-B cell stage. Loss of
Fnip1 results in deregulated mTOR-medi-
ated anabolism and ribosomal S6 kinase
activation, which correlates with in-
creased apoptosis of Fnip1 null pre-B
cells. These data indicate that Fnip1
controls the ability of AMPK to inhibit
mTOR-mediated cell growth in response
to low energy and reveal a novel meta-
bolic checkpoint controlling pre-BCR-
mediated B cell differentiation. These
studies complement previous work impli-
cating PI3K and nutrient-sensing mTOR
pathways in the regulation of T cell traf-
ficking by Cantrell’s group.Work presented provided new insights
into the use of genetically altered mice
to extend our understanding of basic
signaling to in vivo immune cell biology.
Recognizing that signaling molecules are
essential for development and function
of B and T cells, several groups presented
approaches to allow for the emergence
of normal B and T cells prior to deletion
(or expression of mutant molecules),
allowing to interrogate the impact of
altered signaling selectively in the mature
lymphocyte populations. Recognizing the
difficulties in studying the in vivo conse-
quence of targeting key signaling proteins
with current pharmacologic inhibitors,
Art Weiss (San Francisco, USA) reported
on the development of a unique knockin
mouse in which ZAP-70 is altered to be
selectively targeted by a ‘‘designed’’
inhibitor. This mouse will go a long way
toward developing reliable animal model
systems for testing the consequences of
selective targeting of signaling proteins,
an absolute necessity as basic immuno-
logic discoveries are translated to the
clinic.
Coda
The poster session was for most partici-
pants the highlight of the meeting
because the data presented were truly
cutting-edge work in progress. The only
difficulty related to the poster session
was identifying award winners. Our distin-
guished judges selected Romain Ronca-
galli (Marseille, France), Lakshmi Sriniva-
san (Boston, USA), and Nagaja Capitani
(Siena, Italy).
Feedback suggested that the meeting
was a great success. We look forward to
the next conference in 2011!Immunity 31, NACKNOWLEDGMENTS
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